
  

 

Abstract—The study examines the irrigation water quality 

for North Sinai Development Project (NSDP). The water 

resources investigated are agriculture wastewater mixed with 

Nile freshwater in a ratio of 1:1. This study focuses on the 

quality of irrigation water used in the reclamation and 

cultivation of 75,000 acres of the South-East EL-Kantra Canal 

lies in the NSDP. Six monitoring locations along the canal path 

were chosen for examination. Water samples were collected 

every month during the period from Dec. 2007 to Nov. 2014. 

The water parameters were set using the Egyptian irrigation 

water standards, based on the local Decree 92/2013 for the 

Executive Regulation of Law 48/1982, concerning the protection 

of the Nile River and its waterways from pollution, as well as 

the United States Environmental Agency, USEPA 2012 

Guidelines for reclaimed water quality for irrigation. The 

results of the study clearly demonstrate restrictions to irrigate 

the uncooked vegetables and uncooked crops for human.  The 

need for  increasing   the mixed Nile freshwater portion or 

pretreatment of the agriculture wastewater prior to mixing 

with the Nile freshwater to satisfy Egyptian irrigation water 

standards and USEPA 2012 as several water quality results, 

such as BOD, DO, and fecal coliform, are unacceptable. As a 

suggestion, we recommend using aerated lagoons, stabilization 

ponds or wetlands to treat polluted agriculture wastewater 

before adding to the Nile river water to satisfy Egyptian 

irrigation water criteria. 

 

Index Terms—East South EL-Kantra Canal, agriculture 

wastewater, reuse, salinity, irrigation. 

 

I. INTRODUCTION 

Water quality and quantity are continuously degraded due 

to climatic changes and the increased demands for different 

water uses especially in agricultures practices. Moreover, 

cultivated land productivity is connected with soil and 

irrigation water quality [1]-[3]. Normally, investigation of 

irrigation water quality should focus on salt content, sodium 

concentration, the occurrence of nutrients and trace elements 

such as alkalinity, hardness of the water and acidity.  

Irrigation water quality is a major issue to insure safely 

produced plants. Water quality for agricultural purposes is 

measured according to the effect of water on the quality and 

yield of the crops as well as the effect on soil behavior [4]. 

The salinity, water infiltration, toxicity and miscellaneous are 

the commonly problems encountered soil fertility [5], [6].  
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Normally, better irrigation management provide the use of 

high salt concentration water without risking soil 

productivity. 

Furthermore, the increase in salinity of fresh surface 

watercourses from the discharging of high salt concentrations 

coming from agriculture drains and waste effluents [7], [8].  

Using better fresh water irrigation management, the irrigation 

efficiency increase and the amount of applied water for 

irrigation will be reduced. Drainage water is the part not 

consumed of the irrigation water applied to the crops, it can 

be reused according to its quality to meet the challenge fresh 

water shortage [9]. Total water resources in Egypt increased 

from 66.3 Billion m3 in 2006 to 78 Billion m3 in 2016 

because of increasing agricultural drainage water recycling 

from 5.4 Billion m3 in 2005–2006 to 11.7 Billion m3 in 

2015–2016. The agricultural wastewater reuse is frequently 

being perceived as an appreciated resource where, the 

demand for fresh water intensifies to compensate between 

supplies and demands.  Reuse practices of agriculture 

wastewater in Egypt are, official reuse, intermediate reuse 

and unofficial reuse [9], [10]. This study examines the 

irrigation water quality for North Sinai Development Project 

(NSDP).  This study focuses on the quality of irrigation water 

used in the reclamation and cultivation of 75,000 acres of the 

South-East EL-Kantra Canal. Six monitoring locations along 

the canal path were chosen for examination. Water samples 

were collected every month during the period from Dec. 

2007 to Nov. 2014. The water quality parameters related to 

salinity such as total dissolved solids (TDS),  sodium 

absorption ratio (SAR), hydrogen concentration (PH), 

organics such as dissolved oxygen (DO), biochemical 

oxygen demand (BOD), nutrients such as NO3, and 

pathogenicity such as (Fecal Coli) for the water samples were 

determined. The measured irrigation water parameters were 

analyzed and compared with the irrigation water standards 

for Egypt, the local Decree 92/2013 for the Executive 

Regulation of Law 48/1982, concerning the protection of the 

Nile River and its waterways from pollution, and the United 

States Environmental Agency (USEPA), 2012, guidelines for 

reclaimed water quality for irrigation. 

 

II. WATER QUALITY PARAMETERS 

A. Salinity 

The salinity comprises total dissolved solids (TDS), 

electro conductivity (EC), sodium adsorption ratio (SAR), 

sodium (Na), hydrogen concentration (pH), and suspended 

solids (SS). It is one of the most important elements of water 

quality in judging its validity for irrigation. The high sodium 

adsorption ratio (SAR), demonstrates the potential damage in 
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the soil, which is caused by the occurrence of high levels of 

sodium. Its value is given by the shown Equation [11]. The 

SAR value is an indicator to predict permissible sodium 

levels in irrigation water to maintain soil structural stability 

[12]. 
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Salinity standards for safe reuse of wastewater have been 

established by the FAO, then modified by, Westcot and 

Ayers 1985 [13], which put a restriction on uses divided into 

three degrees of severity: none, slight to moderate, and 

severe. 

B. Pathogenicity 

The most important indicators of the pollution of water 

resources are intestinal nematodes, E. coli, Fecal coliforms 

(FC), Total coliforms (TC). Fecal coliform bacteria presence 

in water is an indicator of pollution. It is characterized by its 

ability to grow in the laboratory at higher grades between 

44~44.5oC and producing a proliferation of gas and acid [14]. 

Their presence in the water means the possibility of the 

presence of pathogens and is a serious threat to public health. 

Coliform group, total Coliform, they are found in soil, animal 

droppings and human feces. They can multiply in the 

laboratory at 35°C and 37°C, and their production results in 

gas and acid during 24~48 hours. These bacteria have been 

selected for their presence in human fecal matter in 

abundance and for easy detection, where they remain in the 

water for longer periods of bacteria causing disease. WHO, 

2006 [15] and USEPA 2012 [16] established guide lines for 

Fecal Coliform bacteria and total coliform concentration in 

wastewater reuse.  

C. Nutrients 

Nitrogen (NO3-N), Total Nitrogen (TN) and phosphorus 

(P), are essential elements for plant growth and development 

and can increase the side effect on crop growth. Excessive 

nutrients in irrigation water are a source of groundwater 

contamination as well as eutrophication in coastal areas or 

lakes [17]. Ammonia is present in water as a result of the 

degradation of organic nitrogen and inorganic substances in 

water and soil by microorganisms. The increase in nitrogen in 

the water leads to an increase in aquatic plants and the growth 

of bacteria and algae [18]. 

D. Biological Oxygen Demand 

It is the amount of oxygen consumed by microorganisms 

over a period of five days to oxidize the organic substances in 

water, and it is an indicator of the viability of the waterway 

for self-purification. The concentration of oxygen consumed 

gives an indication of the severe water pollution of 

bio-digestible organic matter [19]. 

E. Chemical Oxygen Demand 

It is the amount of chemical oxygen consumed in the 

oxidation of all organic substances and is a proof of the total 

organic pollution of watercourses, BOD is part of the COD 

[19]. 

F. Heavy Metals 

Heavy metals are naturally present in the ecosystem, with 

significant differences in concentration [19]. However, its 

recent increase in Egypt is due to industrial sources, liquid 

industrial waste and pollution from waste from fuel in 

particular [10]. 

 

III. MATERIALS AND METHODS 

A. Location of Investigation 

EL- Salam Canal Project (SCP) is one of the main parts of 

the national project for the development of North Sinai 

(NSDP). SCP water amount is established on the reuse of 

agricultural wastewater after mixing with Nile water by the 

ratio 1:1. The project also contributes to the creation of new 

urban communities for the purpose of alleviating the densely 

populated areas in the valley and linking the Sinai to the delta 

area. It has a natural extension of the valley. Estimated water 

amounts for the rehabilitation and cultivation of 620,000 are 

4.45 billion cubic meters per year. The irrigation water mixed 

between fresh Nile water and agricultural drainage water by 

the ratio 1:1 expecting that Salinity don’t exceed 1000 ppm 

with the selection of suitable crop structures and distribution 

of water sources to feed EL-Salam canal as follows:  

A) Water from Nile River, Damietta branch, 2.110 billion 

cubic meters annually. 

B) Agricultural drainage water: 

Water from Lower Sorrow Drain, 0.435 billion cubic 

meters annually, 

Water from Bahr Hadous Drain, 1.905 billion cubic meters 

annually, 

(Total required water resources 4.450 billion cubic meters 

per year). 
 

TABLE I: WATER QUALITY MONITORING POINTS COORDINATES FOR EAST 

SOUTH KANTARA CANAL  

Monitoring location 

 

Coordinates 

E N 

1 

At km 0.00 East South Kantara 

Canal intake,  

at km 14.7 on El-Sheikh Gabr 

Canal 

32°28'10.48

" 
31°01'20.46" 

2 
At km 9.2 on East South 

Kantara Canal 

32°30'46.02

" 
30°58'03.43" 

3 
At km 10.2 on East South 

Kantara Canal 

32°28'28.49

" 
30°54'59.02" 

4 
At km 12.5 on East South 

Kantara Canal 

32°29'35.17

" 
30°54'44.00" 

5 
At km 16.00 on East South 

Kantara Canal 
32°29'13.37'' 30°53'00.97'' 

6 
At km 18.3 on East South 

Kantara Canal 
32°28'24.75'' 30°51'53.03'' 

7 
At km 30.00 on East South 

Kantara Canal 

32°24'08.12

" 
30°47'04.85" 

 

Six monitoring locations along the canal path were chosen 

for examination. Water samples were collected every month 

during the period from Dec. 2007 to Nov. 2014. The total 

length of East South EL-Kantara Canal is 32km, Table I 

shows the coordinates of the monitoring locations.  

This study focuses on the quality of irrigation water used 

in the reclamation and cultivation of 75,000 acres of the 

South-East EL-Kantara Canal. 
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B. Methodology and Water Sampling 

In order to examine the irrigation water quality of South 

East EL-Kantara on EL-Salam Canal, the following steps 

were conducted: 

 Site visits to six monitoring points selected for the study 

were conducted.  

 Water samples were collected monthly during five periods, 

(from Dec. 2007 to Nov. 2008), (from June 2009 to May 

2010), (from Aug. 2010 to July 2011), (from April 2012 

to Mars 2013), and (from Dec. 1013 to Nov. 2014).  
 

 
Fig. 1. East EL-Kantara Canal annual average TDS (mg/l). 

 

 
Fig. 2. East EL-Kantara Canal annual average pH. 

 

 
Fig. 3. East EL-Kantara Canal annual average SAR. 

 

Assessment of agriculture wastewater reuse in irrigation 

purposes is necessary for the quality of plants and soil. In this 

study, water samples were drawn every month from the 

studied canal at locations km (0.00), km (9.20), km (12.50), 

km (16.00), km (18.30), and km (30.0). The water quality 

were examined in terms of, salinity (TDS, SAR, pH), 

organics (DO, BOD), nutrients (NO3) and pathogenicity 

(Fecal Coli.). The results shown in this study were chosen for 

the period, June 2009 to May 2010, as a representative period 

for the measured parameters of water quality.  The measured 

irrigation water quality parameters from each location were 

compared with the Egyptian standards Decree 92/2013, 

Executive Regulation of Law 48/1982 [20] that protects fresh 

water courses from pollution by the discharged effluents, and 

the USEPA 2012standards [16]  for reclaimed water quality 

for irrigation. 

The yearly arithmetic mean for the water parameter for the 

five periods with respect to upper and lower concentration 

levels for the chosen laws were presented in Fig. 1-7. 
 

 
Fig. 4. East EL-Kantara Canal annual average NO3 (mg/l). 

 

 
Fig. 5. East EL-Kantara Canal annual average DO (mg/l). 

 

IV. RESULTS AND DISCUSSION 

Fig. 1 shows the annual averages of the TDS 

concentrations along East South EL-Kantara Canal during 

the period from Dec. 2007 to Nov. 2014. The results show 

that the concentration mean value is 959.8 mg/l, (the values 

ranged from 507 to 1309 mg/l). These values are less than 

2000 mg/l (FAO 1985 and USEPA 2012). However, the 

Decree 92/2013, Egyptian irrigation water standards have not 

specified a limit for the TDS [20]. According to the salinity 

degree restriction on irrigation, the TDS effect can be 

considered slight to moderate (USEPA 2012).  

Fig. 2 shows the annual averages of pH, the results show 

that all water samples mean value is 7.78, (the values ranged 

from 7.38 to 8.13). The results mean that the water in the 

canal is alkaline. The measured pH values agreed with 

Egyptian Decree 92/2013, FAO 1985 and USEPA 2012 

guidelines [16].  

Fig. 3 shows the annual averages of the SAR values, the 

results show that the mean value is 5.6 mg/l, (the values 

ranged from 2.51 to 9.31). Egyptian Decree 92/2013 for 

irrigation water standards have not specified the SAR limits. 
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According to FAO 1985, USEPA 2012, infiltration is none 

(evaluated using EC and SAR).  
 

 
Fig. 6. East EL-Kantara Canal annual average BOD (mg/l). 

 

 
Fig. 7. East EL-Kantara Canal annual average Fecal Coliform (MPN/100 

mL). 

 

Fig. 4 shows the annual averages of the NO3 values, the 

results show that the  mean value is 4.85, (the values ranged 

from 2.51 to 10 mg/l), higher than the 2 mg/l specified by 

local Egyptian Decree 92/2013.  

Fig. 5 shows the annual averages of the DO values. The 

results show that the mean value is 4.44 mg/l, (the values 

ranged from 2.53to 7.53 mg/l). These values should be less 

than 6 mg/l specified by the local Decree 92/2013.  

Fig. 6 shows the annual averages of the BOD values. The 

mean value is 9.05 mg/l, (the values ranged from 5.01 to 

19.97 mg/l). These values are higher than the 6 mg/l specified 

by the local Decree 92/2013.  

Fig. 7 shows the annual averages of the Fecal Coliform 

values. The results show that the mean value is 423 

(MPN/100 ml), (the values ranged from 28 to 2325 

(MPN/100 m). These values are higher than the 0.00 value 

specified by the local Decree 92/2013 for fresh water, and 

higher than the 200 median value specified by USEPA 2012. 

According to the previous results, we should choose a 

proper method for treating wastewater before mixing with 

Nile River fresh water. The SAR value is a good indicator to 

predict permissible sodium levels in irrigation water to 

maintain soil structural stability [21], currently there are 

several desalination processes available for the reclamation 

of wastewater, such as reverse osmosis (RO), ion exchange 

(IX) and electro-dialysis [21]. Concerning the specific 

production of irrigation water from urban wastewater, IX and 

electro-dialysis are not found to be used for such purposes. 

While IX presents a poor selectivity for monovalent ions 

leading to lower desalination efficiencies and frequent 

regeneration of resins, the fouling in electro-dialysis is still an 

unsolved problem [22]. RO is the most frequently applied 

desalination technology [23], together with other 

pressure-driven membrane processes. The ability of these 

processes to remove certain components other than salinity 

makes them very attractive for reclamation for irrigation in 

general. The health risks of exposing agricultural workers, 

crop handlers and consumers to treated wastewater and 

associated chemical and microbial contaminants is one of the 

major barriers to water reclamation and reuse. Characteristics 

of influent wastewater, type of treatment process, applied 

hydraulic retention time (HRT), microorganisms present in 

the WWTP, pH, temperature and the efficiency of suspended 

solids removal affect the removal efficiency of pathogenic 

and indicator microorganisms. The evaluation of 

technologies for pathogen removal is mostly based on fecal 

contamination indicators, such as total coliforms (TC), 

thermo-tolerant coliforms or Escherichia coli. Such 

indicators infer that pathogens may be present in the water. 

Chlorine, ultra-violet (UV), ozone, maturation ponds, 

constructed wetlands (CW), membrane filtration, deep bed 

filtration and electrochemical methods are being used for 

disinfection techniques and for elimination of pathogenic 

organisms [24]. CW are often reported as systems for 

treatment of irrigation runoffs, but less often for production 

of treated wastewater for irrigation. 
 

 
Fig. 7. East EL-Kantara Canal annual average Fecal Coliform (MPN/100 

mL). 

 

V. CONCLUSIONS 

The results of this study show the analysis of different 

parameters for irrigation water quality of East South 

EL-Kantra Canal during the duration, Dec.2007 - Nov.2014. 

The results confirmed the important need for more 

restrictions before using the mixed wastewater/water to 

irrigate agricultural products especially food crops. There is 

very serious need to, increase Nile River freshwater portion 

mixed with agriculture wastewater, or pre-treat the 

agriculture wastewater before mixing, to satisfy Egyptian 

irrigation water standards and USEPA, 2012. As a suggestion, 

we recommend using aerated lagoons, stabilization ponds or 

wetlands to treat polluted agriculture wastewater before 

mixing with the Nile River water to satisfy Egyptian 

irrigation water criteria. 
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